early Paleozoic, also includes ophiolite nappes emplaced in the Late Cretaceous and their cover sedimentary rocks, ranging in age from Late Cretaceous to Miocene. The Arabian Platform is divided into three units: the lower autochthonous, the upper autochthonous and the allochthonous units (Yılmaz 1993; Yılmaz et al. 1993) . The allochthonous units form a nappe package composed of two major groups of rocks. The ordered ophiolites ( Figure  2 ), observed in different places in Southern Anatolia at the top and bottom of the ophiolite, include two distinct and internally chaotic assemblages, which are separated by thrusts and emplaced on the platform during ophiolite obduction. The stratigraphic thickness of the nappes is estimated to exceed 6 km (Yılmaz 1993) .
Well-dated ophiolites in the Eastern Mediterranean are restricted to three well-defined, relatively brief time intervals: Triassic, Mid-Late Jurassic and Late Cretaceous (Robertson 2002) . The geological history of the Mediterranean region was dominated by the opening of the Neotethys Ocean, mainly during the Early Mesozoic (Robertson & Comas 1998) . During the Triassic period, one or several microcontinents rifted from Gondwana and drifted northwards, thereby opening a Mesozoic ocean basin (Şengör & Yılmaz 1981; Robertson & Dixon 1984) .
At the end of the Early Cretaceous period, depending on the opening of the South Atlantic Ocean, the divergent regime passed through the convergent regime in the Neotethys oceanic basin between the Eurasian and African plates (Livermore & Smith 1984; Savostin et al. 1986; Dilek et al. 1990 Dilek et al. , 1999 . In this compressive regime, northward subduction occurred in the southern branch of the Neotethyan oceanic basin. This oceanic basin was associated with the Upper Cretaceous genesis and emplacement of ophiolites (Yılmaz & Yıldırım 1996) . Northward subduction of Neotethys caused the development of accretionary wedges in front of the Anatolide-Tauride Platform (Yılmaz & Gürer 1996; Robertson et al. 2004) . Before continental collision was initiated between the Anatolian-Tauride Platform and the Arabian Plate at the beginning of the Early Miocene (Karig & Kozlu 1990; Robertson et al. 2004; Gül et al. 2011) , the nappe package advanced southwards and was emplaced onto the accretionary wedge and oceanic crust remnants at the end of the Oligocene period (Yılmaz & Gürer 1996) .
Recent studies of the Southeast Anatolian Orogenic Belt (Figure 2 ) are concentrated mainly on defining the internal stratigraphy, field relations and the geochemical features of the ophiolites and related units (Parlak et al. 2009). The well-documented ophiolites were formed in a suprasubduction zone environment in the southern branch of Neotethys in the Late Cretaceous. However, few petrological and geochemical data are available for ophiolitic rocks in the southern Kahramanmaraş region (Yılmaz et al. 1984; Kısakürek 1988) . These ophiolitic rocks have not been differentiated or studied in detail and thus their geochemical and the tectonomagmatic significance is unknown. Therefore, the aims of the present study are: 1) to present the geochemical and petrological features of ophiolitic rocks from the southern Kahramanmaraş region, 2) to compare the obtained results with the eastern Mediterranean ophiolites and 3) to emphasize the occurrence of the different types of ophiolitic rocks and their tectonic significance, related to oceanic crust generation in the southern branch of Neotethys.
Regional geology
The southern Kahramanmaraş region (Figure 3 ), evaluated in this study, is located in the actively deforming East Anatolian Fault Zone, where a long-lived triple junction (the Maraş Triple Junction) evolved as a result of the Alpine Orogeny (Karig & Kozlu 1990; Yılmaz 1993) . The geological units of this region are classified into three groups. These are: 1) Autochthonous Arabian Platform, 2) Ophiolite Nappes and 3) Tertiary Cover Units. The Autochthonous Arabian Platform contains Lower Cambrian to Upper Ordovician limestone, with a sandstone, quartzite and shale alternation at its base. These basement rocks are unconformably overlain by Upper Triassic-Lower Cretaceous dolomite and dolomitic limestone (Dubertret 1955; Atan 1969; Yılmaz et al. 1984; Tekeli & Erendil 1986) . The ophiolite nappes consist of three slabs that have tectonic contacts with each other. The lowest one, the Karadut Complex (Late Triassic-Late Cretaceous), contains flysch and wildflysch containing clayey limestone with limestone, ophiolitic rocks, cherty shale and limestone. This complex is overlain by the Koçali Complex, which consists of ophiolitic mélange composed of ophiolitic blocks and epi-ophiolitic sedimentary rocks . Main tectonic units and ophiolites of southeast Anatolia radiolarites, cherts, shale and volcanics, which indicate a Late Cretaceous age . The ophiolites of the region tectonically overlie the Karadut and Koçali Complex slabs, and are unconformably overlain by the Upper Maastrichtian-Paleocene limestone and sandstonesiltstone-mudstone alternations. It has been reported (Herece 2008 ) that the Arabian Platform rocks (mainly Mesozoic limestone) were thrust over those ophiolites. The Upper Paleocene-Lower Miocene units, comprising dolomitic, sandy and chalky limestone, discordantly overlie all older units (Gül 1987; Terlemez et al. 1992 ). This unit is nonconformably overlain by the Tortonian Yavuzeli Basalt (Yoldemir 1987) . The Upper Pleistocene-Holocene units overlie all the units with angular unconformity. The ophiolitic rocks from the southern Kahramanmaraş region are highly dismembered and composed of undifferentiated mantle tectonites and gabbroic rocks (Figure 3 ). Cropping out throughout the study area, the highly serpentinized mantle tectonites are composed mainly of dunite and harzburgite, and display foliation and lineation, which reflect plastic deformation. Pyroxenite dykes, ranging in thickness from 10 to 40 cm, cut the mantle tectonites. The chromitites display a great variety of textures: massive, nodular, schlieren and disseminated (Uysal et al. 2007; Uysal 2008) . The cumulate rocks are defined as gabbroic cumulate and hornblendites north of Şeferoğlu (Figure 3) (Kısakürek 1988) . Small-scale outcrops of the ultramafic-mafic cumulates, isotropic gabbros and amphibolites (see section on petrography) are limited by tectonic boundaries and seem to be irregularly dispersed in the study area. The ultramafic-mafic cumulate rocks display an igneous layering lamination and graded bedding and include very thin pegmatitic bands (5-10 cm in thickness). The massive to weakly foliated isotropic gabbros are dark green and fine to medium grained. The amphibolites have no pronounced foliation or schistosity along the contact with harzburgitic tectonites. 
Petrography
The cumulates of the ophiolitic rocks from the southern Kahramanmaraş region are divided into ultramafic and mafic cumulates. The ultramafic cumulates are composed of wehrlite, lherzolite and olivine websterite. Lherzolite exhibits adcumulate texture (cf. Wager et al. 1960) and is dominated by cumulus olivine, clinopyroxene and orthopyroxene (Figure 4a ). Olivine websterite displays similar cumulate to poikilitic textures. Wehrlite consists of anhedral cumulus olivine, poikilitic clinopyroxene ( Figure  4b ), minor chromite and intercumulus plagioclase.
The mafic cumulate rocks are represented by olivine gabbronorite, olivine gabbro and gabbro. The olivine gabbronorite presents mesocumulate texture and consists mainly of cumulus and intercumulus plagioclase, poikilitic clinopyroxene and orthopyroxene (Figure 4c ) with olivine. The olivine gabbros have mainly orthocumulate (Figure 4d ) to mesocumulate textures with cumulus and intercumulus olivine, clinopyroxene and plagioclase. The gabbros generally have mesocumulate texture (Figure 4e ) represented by cumulus plagioclases and clinopyroxene, with orthopyroxene and amphibole as intercumulus minerals. Serpentine, fibrous actinolite, amphibole, sericite and kaolinite are the secondary phases in these rocks.
The isotropic gabbros have a granular texture and are composed of hornblende gabbro, gabbro and diorite. The hornblende gabbros display granular texture and include subhedral to anhedral clinopyroxene, amphibole and plagioclase (Figure 4f ). While the gabbro contains clinopyroxene and plagioclase, diorite contains amphibole and plagioclase (Figure 4g ). Titanite and opaque (Fe-Ti oxide) minerals are accessory phases in these rocks. The dark green amphibolites from the metamorphic sole display granoblastic texture and contain green hornblende (Figure 4h) .
The dominant order of crystallization in the cumulates is olivine ± chromian clinopyroxene→orthopyroxene→pla gioclase, typical of SSZs, while petrographic observations of the isotropic gabbros show crystallization of plagioclase before clinopyroxene, which is also typical of normal mid-ocean ridge basalt (N-MORB). A summary of the petrographic features of the ophiolitic rocks from the southern Kahramanmaraş region is given in Table 1 .
Whole rock chemistry
The major, trace and REE contents of the ultramaficmafic cumulates, isotropic gabbros and amphibolites are presented in Table 2 . The LOI values range from 5.9 to 12 wt.% for the ultramafic cumulate rocks, and from 0.7 to 6.8 wt.% for the mafic cumulate rocks, indicating variable degrees of serpentinization, whereas the LOI values range from 1 to 2.8 wt.% for the isotropic gabbros and amphibolites ( Table 2 ).
The variations of some selected major and trace elements are presented in Figures 5a-5j. SiO 2 , TiO 2 , P 2 O 5 , Zr and Sr do not show any correlation with MgO (Figures 5a, 5b, 5e, 5f, 5i) . Al 2 O 3 , CaO and Ga show negative correlations (Figures 5c, 5d, 5j) , whereas Cr and Ni exhibit positive correlation against MgO (Figures 5g, 5h) .
The ultramafic cumulates are characterized by low TiO 2 (0.01-0.07 wt.%), Al 2 O 3 (0.53-5.63 wt.%), wt.%), Sr (7-23 ppm), Ga (0.6-4.4 ppm), V (72-107 ppm), Zr (0.8-2.2 ppm) and Y (0.2-2 ppm) and high 0.27 to 0.92, respectively. The N-MORB normalized multielement diagram of these rocks indicates that they are generally depleted in high field strength (HFS) elements, although some enrichment of large ion lithophile (LIL) elements (Rb, Ba, K) in some rock types has been observed ( Figure 6b ).
Two subgroups in the isotropic gabbros are defined by their major and trace element contents ( (Figure 6c ). The spider diagram of these rocks exhibit such features as enrichment in LIL (i.e. Rb, Ba, K) elements, positive Sr and slight negative Nb and Zr anomalies and flat patterns of HFS elements relative to N-MORB ( Figure  6d ). The REE concentrations of the Group II isotropic gabbros display significant LREE enrichment with respect to heavy rare earth elements (HREE) (La N /Yb N = 10.9 to 14.5) in Figure 6e . The N-MORB normalized multielement patterns of these rocks indicate that they are generally enriched in LIL elements, which are between 0.53-and 74.97-fold those of the N-MORB compositions ( Figure 6f ). (Table 2) . The Nb/Y ratios of these rocks range from 1.45 to 1.85, indicating derivation from an alkaline magma (Pearce 1982) . The alkali amphibolites exhibit LREE-enriched patterns (La N /Yb N = 8.18 to 12.66) in Figure 6g . The incompatible element abundances are represented by decreasing patterns from Ta to Yb and LIL element enrichments, which are between 0.48-and 18.93-fold those of the N-MORB compositions (Figure 6h ).
Mineral chemistry

Olivine
Representative olivine analyses from the ultramafic and mafic cumulate rocks are presented in Table 3 . The olivines are unzoned, with Fo content ranging from 75 to 91 in ultramafic cumulates and from 71 to 84 in mafic cumulates. The NiO content decreases from ultramafic to mafic cumulates and varies between 0.12% and 0.43% in ultramafic and 0.13% and 0.23% in mafic cumulates (Table 3) .
Clinopyroxene
Representative clinopyroxene analyses from the ultramafic-mafic cumulates and isotropic gabbros are presented in Table 4 . The clinopyroxenes are unzoned and their compositions are shown in the pyroxene quadrilateral in Figure 7a . In terms of the quadrilateral components, cumulus clinopyroxene composition is En 47. (Figure 7a ) (Table 4) . They are diopsidic in composition with low TiO 2 (0.04-0.37 wt.%) contents. The Mg# (Mg# = 100XMg/ (Mg+Fe)) of the clinopyroxenes ranges from 83 to 93 in ultramafic cumulates, from 78 to 88 in mafic cumulates and from 70 to 78 in isotropic gabbros (Table 4 ). The Ti content of the clinopyroxenes in the ultramafic-mafic cumulates and isotropic gabbros is low, averaging 0.01 wt.% (Table 4 ).
Orthopyroxene
Representative orthopyroxene analyses from the ultramafic and cumulate rocks are presented in Table 5 . The orthopyroxenes are unzoned and are hypersthene in composition (Figure 7a ). In terms of quadrilateral components, orthopyroxene compositions are En 76.3-89.8 Fs 9.2-20.8 Wo 0.9-3 in ultramafic cumulates and En 73.9 Fs 23.1 Wo 3 in olivine gabbronorite (Table 5 ). The Mg# of the orthopyroxenes ranges from 79 to 91 in ultramafic cumulates and is around 76 in olivine gabbronorite.
Plagioclase
Representative plagioclase analyses from the ultramaficmafic cumulates and isotropic gabbros rocks are presented in Table 6 . The plagioclases are unzoned, and although rarely observed as the intercumulus phase in the ultramafic cumulate rocks (<2%), they are seen as a major cumulus phase in the gabbroic rocks. Plagioclases have a very limited compositional range: from An 88.5 to An 88.7 in wehrlites, from An 85.7 to An 94.2 in mafic cumulates and from An 54.2 to An 55.1 in the Group I isotropic gabbros.
Amphibole
Representative amphibole analyses from isotropic gabbros and amphibolites are presented in Table 7 . The amphiboles in the Group I isotropic gabbros are represented by pargasitic hornblende to pargasite ( Figure  7b ). They are characterized by Al 2 O 3 (11.88-12.14 wt.%), TiO 2 (1.65-2.43 wt.%), Na 2 O (2.32-2.61 wt.%) and K 2 O (0.59-0.71 wt.%) contents. In contrast, the amphiboles in the amphibolites are represented by mainly tschermakitic hornblende and minor magnesio-hornblende ( Figure 7b ) and contain Al 2 O 3 (7.48-11.44 wt.%), TiO 2 (1.82-2.82 wt.%), Na 2 O (1.14-2.47 wt.%) and K 2 O (0.33-1.41 wt.%) contents. The Mg number of the amphiboles ranges from 63 to 67 for hornblende gabbros, and from 74 to 78 for amphibolites. Number of ions on the basis of 6 (O); *total Fe is expressed as FeO; bdl, below detection limit; c and r represent core and rim, respectively.
Discussion
New petrographic and geochemical data obtained in the present study from the ultramafic-mafic cumulates, isotropic gabbros and amphibolites from the ophiolitic rocks of the southern Kahramanmaraş region suggest that different magmatic affinities originated in distinct tectonomagmatic settings. Therefore, petrogenesis and the geotectonic environment will be discussed below.
Petrogenesis
Based on petrographic and geochemical studies, the ultramafic and mafic cumulate rocks evolved by fractional crystallization and differentiation. The cumulates define a general trend that is consistent with progressive removal of cumulate phases from a magma. The overall differentiation trend is from highly magnesian ultramafic cumulates to mafic cumulates rich in Al 2 O 3 , CaO and Sr (Table 2 and Figure 5 ). The high CaO and Al 2 O 3 contents in the gabbroic cumulates clearly indicate the presence of Ca-rich plagioclase (An 83-94 ) crystallization in the magma chamber of the ophiolitic rocks from the southern Kahramanmaraş region. The Sr content in the mafic cumulates increases markedly with decreasing MgO, because of the increasing modal plagioclase content in the mafic cumulates (Grove & Baker 1984; Beard 1986) . V is probably held in clinopyroxene (Ross et al. 1954; Borisenko 1967; Ballantyne 1992) and Ga in spinel (Dare et al. 2009 ). The Ga content of the cumulate rocks is negatively correlated with MgO (Figure 5j ) because the Ga is mildly incompatible during mantle melting (Niu 2004 (Figure 6b ). These patterns are similar to those of the cumulate gabbros from the Kızıldağ ophiolite (Dilek & Thy 2009 ). The very low Ti contents in clinopyroxenes from the ultramafic-mafic cumulates of the ophiolitic rocks of the southern Kahramanmaraş region suggest crystallization of clinopyroxenes from a Ti-poor magma (Figure 8 ). Ti in clinopyroxenes is thought to reflect the degree of depletion of the mantle source and the Ti activity of the parent magma (Pearce & Norry 1979) . The very small Ti contents of the clinopyroxenes in cumulates suggest that one or several earlier partial melting events removed the Ti from the mantle clinopyroxenes (Hébert & Laurent 1990) . Remelting of already depleted peridotite may cause such depletion (Duncan & Green 1980) . Thus, this mechanism is thought to be responsible for crystallization of clinopyroxenes from a Ti-poor magma for the cumulate rocks from the southern Kahramanmaraş region. Jacques and Green (1980) showed that the first phase crystallizing after olivine in a cumulate sequence is determined by the degree of partial melting that took place in the lherzolite mantle source region. Olivine→plagioclase corresponds to low, olivine→clinopyroxene to medium and olivine→orthopyroxene to high degrees of partial melting, respectively. Ishiwatari (1985) showed that the TiO 2 content of the clinopyroxene in the three types of crystallization trends might be an indicator of the first phase crystallizing after olivine. These are: 1) plagioclase-type cumulate rocks (high TiO 2 = 0.6-0.8 wt.%), 2) clinopyroxene-type (moderate TiO 2 = 0.4 wt.%) and 3) orthopyroxene-type (low TiO 2 = 0.1 wt.%). The order of crystallization in cumulates and the average value of TiO 2 (0.24 wt.%) in clinopyroxenes from the ultramafic and mafic cumulates et al. 1988) . Fields of island arc gabbroic rocks and Skaergaard trends are from Burns (1985) . b) Plot of Al(IV) versus cations in A-site for amphibole in the isotropic gabbros and amphibolites (nomenclature from Leake 1978) .
are consistent with the parental magma being generated by a moderate to high degree of partial melting, leaving a mantle residue represented by the harzburgite.
The existence of high An-content calcic plagioclases in cumulate rocks indicates large magmatic water contents (Arculus & Wills 1980; Sisson & Grove 1993; Panjasawatwong et al. 1997 ) and large melt Ca/(Ca+Na) contents (Panjasawatwong et al. 1997) . Therefore, the plagioclases from the cumulates derived from a liquid with a high CaO/Na 2 O ratio and/or that crystallized with a high H 2 O content.
The partition relations for the olivine-clinopyroxene pairs are shown in Figure 9 . Olivines are chemically in equilibrium with clinopyroxenes in Fe-Mg distribution at a subsolidus condition (Mori & Banno 1973) . The olivineclinopyroxene pairs indicate low equilibration temperatures of around 700 °C (Obata et al. 1974) for the ultramafic cumulates and slightly higher equilibration temperatures Number of ions on the basis of 6 (O); *total Fe is expressed as FeO; bdl, below detection limit; c and r represent core and rim, respectively.
for the mafic cumulates. There are several methods and calculations for establishing the crystallization conditions of the ultramafic and mafic cumulate rocks (Wood & Banno 1973; Brey & Köhler 1990; Taylor 1998) . A twopyroxene geothermometer (Brey & Köhler 1990 ) yielded temperatures of 890-1000 °C for ultramafic cumulates and 970 °C for mafic cumulates; the two-pyroxene-based thermometers (Putirka 2008) were used for estimating the temperatures and pressures of crystallization of the cumulates. The application of the thermometers yielded temperatures of 852-990 °C and pressures of 2.9-4.8 kbar for the ultramafic cumulates, and temperatures of 960-970 °C and pressures of 2.6-3.2 kbar for the mafic cumulates. These moderate pressure estimates suggest a depth of 8-15 km for the crystallization of ultramafic and mafic cumulates. In summary, the data presented in the mineral chemistry section; the compositions of olivine (Fo, Ni and Cr), clinopyroxene (Mg#), orthopyroxene (Mg#) and plagioclase (An); and the crystallization order of mineral phases in the ultramafic and mafic cumulates suggest that these rocks were derived from an island arc tholeiitic (IAT) magma and resemble those of island arc suites (Meijer & Reagan 1981; Hébert 1982; Beard 1986; DeBari & Coleman 1989 ) and the Eastern Mediterranean ophiolites (Bağcı et al. 2006; Parlak et al. 2009 ).
To characterize mantle source regions for the isotropic gabbros and amphibolites, M(incompatible element)/Yb versus Nb(Ta)/Yb plots (Pearce & Peate 1995) , were used in Figures 10a-10d . For subduction-related magmatic rocks, addition of a subduction chemical component by slab-derived fluids/melts results in increased M/Yb in the mantle source. The Group I isotropic gabbro composition is consistent with derivation from a MORB-type depleted mantle source with no subduction while the Group II isotropic gabbros and amphibolites are consistent with derivation from an enriched mantle source. The N-MORB normalized multi-element patterns of the Group II isotropic gabbros and amphibolites exhibit close similarities to OIB (Figures 6f and 6h) . The negative Pb anomalies relative to Ba, Nb (and Ta) indicate that crustal assimilation played no role in the evolution of the Group II isotropic gabbros and amphibolites.
The Ce/Yb versus Zr/Nb ratios of pairs of elements of different degrees of incompatibility are shown in Figure 11 . On this plot, the extent of melting increases from upper left to lower right. Thus, the Group I isotropic gabbros show higher degrees of melting, whereas the Group II isotropic gabbros and the protolith of the alkaline amphibolite are thought to have been formed as a result of smaller degrees of melting.
The high Sm/Yb (3.30-4.9) and Ce/Sm (8.83-9.82) ratios of the alkaline amphibolites are similar to those of Tauride Belt Ophiolites, thereby suggesting that they derived from the melting of an OIB-like enriched mantle source (Parlak et al. 1995; Lytwyn & Casey 1995; Dilek et al. 1999; Çelik & Delaloye 2003 Çelik & Delaloye , 2006 Vergili & Parlak 2005; Parlak et al. 2006; Elitok & Drüppel 2008) . Metamorphic soles (also known as sub-ophiolite metamorphic rocks) are the products of dynamothermal metamorphism associated Number of ions on the basis of 16 (O); *total Fe is expressed as FeO; bdl, below detection limit; c and r represent core and rim, respectively. with the tectonic displacement of ultramafic bodies (Spray 1984) . They are fairly thin (<500 m), highly deformed, show folding and tectonic foliation and display inverted metamorphic field gradients and an inverted ocean crustal sequence. Field observation of the alkaline amphibolites of ophiolitic rocks from the southern Kahramanmaraş region suggests they do not possess typical metamorphic sole features, except for weak foliation along the contact with mantle tectonites. Hornblendites, known as the pargasiterich rocks within the mantle rocks, are well known from alpine-type peridotites (e.g., Alpe Arami; Möckel 1969) and in Cretan hornblendites (Koepke & Seidel 2004) . The tschermakitic hornblende composition of amphiboles ( Figure 7b ) and lower Fe 2 O 3 and P 2 O 5 contents (Table 2) of these rocks indicate a different geochemistry from the hornblendites.
Tectonic implications
Ophiolite complexes are classified in terms of their internal structures, geochemical signatures and regional tectonics (Pearce et al. 1984; Shervais 2001; Robertson 2002; Saccani & Photiades 2004; Arai et al. 2006; Pearce 2008) . Dilek and Furnes (2011) suggested a new classification of ophiolites:
subduction-related ophiolites include suprasubductionzone and volcanic-arc types, and subduction-unrelated ophiolites include continental margin (CM), mid-ocean ridge (MOR) and plume (P) type ophiolites. The SSZ is subdivided into four subtypes, i.e. backarc to forearc (BA-FA), forearc (FA), oceanic backarc (OBA) and continental backarc (CBA). The mineral chemistries of olivine, clinopyroxene, orthopyroxene, plagioclase and spinel in cumulates have been used to determine the tectonic environment for cumulates of the ophiolitic sequences. Burns (1985) observed that the An content of plagioclases in oceanic crust gabbroic rocks formed in an island arc system, differing from those formed in mid-ocean ridge, backarc basin and stratiform complexes. The effect of high P H2O on the equilibrium plagioclase compositions in simplified systems is known to be an increase in the An content (Yoder 1969; Johannes 1978) . Covariation of the Mg number in clinopyroxene versus the An content of the plagioclase from the mafic cumulates and Group I isotropic gabbros is shown in Figure 12a , which shows that the cumulate samples plotted within the field of arc-related gabbros differ from those of gabbros formed in a mid-ocean ridge setting and resemble gabbroic rocks from the ophiolites of Mersin (Parlak et al. 1996) , Pozantı-Karsantı (Parlak et al. 2000) , Kızıldağ (Hatay) (Bağcı et al. 2005) and Tekirova (Antalya) (Bağcı et al. 2006) , while the Group I isotropic gabbros show MORB characteristics (e.g., Ross & Elthon 1993) . Covariation of the An content of plagioclase versus the Fo content of olivine for the cumulates is presented in Figure 12b . The mineral composition of the cumulates indicates very limited fractionation and differs from the oceanic cumulate spectrum, but has a similar composition to cumulates from the eastern Mediterranean ophiolites (Hébert & Laurent 1990; Parlak et al. 1996 Parlak et al. , 2000 Bağcı et al. 2005 Bağcı et al. , 2006 and island arc systems (Stern 1979; Arculus & Wills 1980; Gust & Johnson 1981; Fujimaki 1986 ).
In an AFM diagram (Beard 1986) , samples plotted according to the major element contents of the ultramaficmafic cumulates and isotropic gabbros (Figure 13a) show enrichment from MgO towards FeO. The ultramafic-mafic cumulates plot in the arc-related cumulate field, whereas the isotropic gabbros plot in the arc-related non-cumulate field. A tectonic environment discrimination diagram based on immobile trace elements is presented in Figure  13b . The Group I isotropic gabbro samples plot from the IAT-MORB boundary into the MORB field, while the Group II isotropic gabbro and amphibolite samples plot in the OIB field on a V-Ti diagram (Shervais 1982) . In contrast to these results from Figures 12a and 13b , the group I isotropic gabbros display slight depletion of Nb and enrichment of LIL elements. They also exhibit parallel to slightly depleted HFS element patterns compared to N-MORB (Figure 6d ). The negative Nb and Zr anomalies and slight LIL enrichment patterns of these rocks clearly indicate a SSZ tectonic environment. Flat to slightly LREEdepleted patterns are very similar to those of the isotropic gabbros from the Kızıldağ (Hatay) and Tekirova (Antalya) ophiolites (Bağcı et al. 2008; ) and are also found in island arc tholeiitic series, namely in Papua New Guinea, the Solomon Islands, Macquarie Island (Jakes & Gill 1970) and other SSZ-type ophiolites of the eastern Mediterranean region (Alabaster et al. 1982; Parlak et al. 2000; Al-Riyami et al. 2002; Beccaluva et al. 2004 Beccaluva et al. , 2005 Pe-Piper et al. 2004; Saccani & Photiades 2005; Rızaoğlu et al. 2006) . The clinopyroxene chemistry of the Group I isotropic gabbros also indicates a SSZ setting (Figure 8 ). Pargasitic amphiboles also occur in gabbroic rocks in subduction-related tectonic environments, such as island arc (Beard 1986; Tiepolo & Tribuzio 2005) and backarc (Harigane et al. 2011) . The low Anorthite content ) of plagioclases in the isotropic gabbros can explained by deformation and hydrothermal metamorphism (Harigane et al. 2011) . The different crystallization order of minerals in the isotropic gabbros from the cumulates might change with pressure (Ishiwatari 1985) . This evidence suggests that the Group I isotropic gabbros are consistent with an IAT affinity and were generated in a SSZ tectonic setting. The Group II isotropic gabbros have high TiO 2 , P 2 O 5 , Zr and Y contents (Table 2) , with REE and multi-element characteristics (Figures 6e and 6f) and Th/Yb versus Ta/Yb ratios indicating an enriched mantle source in a withinplate oceanic setting. Alkaline magmatic activity has been reported from a few ophiolites (Alabaster et al. 1982; Dilek et al. 1999; Dilek & Flower 2003; Parlak et al. 2006; Çelik 2007; ) and has been interpreted as a probable result of late-stage magmatism fed by melts that originated within an asthenospheric window due to slab break-off, shortly before the emplacement of the ophiolites onto platforms. Furthermore, the OIB-like character of dykes from Southeast Anatolian ophiolites may suggest their formation in a SSZ setting (Çolakoğlu et al. 2012) . These interpretations, with the OIB-type magma generation for the Group II isotropic gabbros, are possibly explained by generation in a SSZ setting. The REE and multi-element patterns, V-Ti diagram and Th/Yb versus Ta/Yb ratios suggest that the alkaline amphibolites were formed as a result of metamorphism of seamount-type basaltic rocks in an intraoceanic subduction-zone setting.
The coexistence of the MORB and SSZ mantle sources for the Eastern Mediterranean ophiolites and ophiolitic mélange was explained with petrogenetic models by many authors (Bébien et al. 2000; Hoeck et al. 2002; Photiades et al. 2003; Saccani & Photiades 2004 Aldanmaz et al. 2008; Bortolotti et al. 2009; Göncüoğlu et al. 2010) . Most MORB-type oceanic crust was subducted, or preserved only as dismembered thrust sheets or blocks in ophiolitic mélange in the "eastern" Turkish area (Robertson 2002) . In contrast to the western Alps, there does not exist any MORB-type ophiolite body in the Turkish part of the eastern Mediterranean region ). All of the Turkish ophiolites formed in a variety of tectonic settings within a SSZ environment, including backarc, arc and forearc (Parlak et al. 2009 and references therein) . Recent studies of ophiolites in southwest Turkey have shown that compositions of mantle rocks from different tectonic environments are the results of different styles of depletion and refertilization events and varying degrees of partial melting (Aldanmaz et al. 2009; Aldanmaz 2012; Uysal et al. 2012) . Based on general models for the life cycle of ophiolites (Shervais 2001; Pearce 2003 ) and a number of tectonic models of the Southeast Anatolian Orogen (Yazgan & Chessex 1991; Yılmaz et al. 1993; Beyarslan & Bingöl 2000; Robertson et al. 2007) , different types of ophiolitic rocks may indicate a distinct phase of the magmatic and geodynamic evolution of the oceanic crust. The disrupted ophiolitic rocks from the southern Kahramanmaraş region include the IAT-type ultramafic-mafic cumulates and Group I isotropic gabbros with OIB-type isotropic gabbros and amphibolites resulting from different magma sources in an intraoceanic suprasubduction region in southern Neotethys. These ophiolitic rocks from the southern Kahramanmaraş region, together with the Koçali and Karadut complexes, were emplaced onto the Arabian passive margin by southward thrusting during the Upper Maastrichtian.
emplaced onto the Arabian passive margin along the southern branch of the Neotethys oceanic basin during the Late Cretaceous. Figure 13 . a) AFM compositions of the ultramafic-mafic cumulates and isotropic gabbros. Fields of cumulate and non-cumulate rocks are from Beard (1986) . b) V-Ti discrimination diagram for isotropic gabbros and amphibolites. Ranges of Ti/V ratios for MORB-mid-ocean ridge-basalt, BABB-backarc basin basalt, OIB-ocean island basalt from Shervais (1982) .
